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Abstract
Postconcussion syndrome (PCS) is the term used to describe the cluster of 
affective, somatic, and cognitive symptoms commonly reported by individuals following 
head injury. The International Classification of Diseases and Related Health Problems, 
10th edition (ICD-10) provides a set of currently recommended diagnostic criteria for 
PCS. However, no study to date has investigated the incidence of ICD-10 self-reported 
PCS symptoms in individuals following mild traumatic brain injury (MTBI). The vast 
majority o f individuals who have sustained a MTBI report essentially a full recovery 
within 3 months of injury; however, a small percentage o f individuals report persisting 
symptom complaints beyond the typical time frame following MTBI. PCS symptom 
persistence beyond 3 months post-MTBI is considered a poor outcome and appears to be 
related to variety of non-neurological factors. The present study compared endorsement 
rates of the ICD-10 self-reported PCS symptoms in MTBI patients and healthy control 
subjects at 1 month and 3 months post-injury. Results showed that seven of the nine PCS 
symptoms differentiated the MTBI group from the control group at baseline, with only 
two symptoms differentiating the groups at the 3-month follow-up; symptom 
endorsements were higher in the MTBI group at both time periods of interest. 
Collectively, the PCS symptoms significantly classified the MTBI and control 
participants into their respective groups at 1-month post-injury, with an optimal positive 
test threshold of endorsement of five symptoms coinciding with a sensitivity and 
specificity o f 73 and 61%, respectively. The ICD-10 PCS symptoms were not able to 
accurately classify the MTBI and control participants into their respective groups at 3 
months post-injury.
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Introduction
Traumatic brain injury (TBI) refers to a broad range of neurological, cognitive, 
and emotional factors that result from the application of a mechanical force to the head. 
Traumatic brain injury is an important public health problem as a major cause of death 
and disability and places a substantial burden on society due to its primary (e.g., medical 
costs) and secondary (e.g., lost productivity) effects (NIH Consensus Developmental 
Panel on Rehabilitation of Persons With Traumatic Brain Injury, 1999).
Few neurological disorders are as prevalent as mild traumatic brain injury 
(MTBI), the least severe type of brain injury (Katz & Deluca, 1992). O f the estimated 6 
million cases o f TBI that occur each year in the United States, approximately 80-90% are 
classified as “mild” (Jagoda & Riggio, 2000; Kraus & Nourjah, 1988; Miller, 1993). 
MTBI commonly results from motor vehicle accidents, assaults, falls, and sport-related 
injuries. It is also referred to as mild head injury, minor brain injury, minor traumatic 
head injury, and concussion.
Most studies indicate that the majority of individuals who have sustained a MTBI 
report essentially a full recovery (Alexander, 1995; Binder, Rohling, & Larrabee, 1997; 
Ponsford et al., 2000). However, a small percentage of individuals complain of a number 
of physical, cognitive, and emotional symptoms persisting beyond the typical recovery 
time frame following MTBI, with some persons reporting difficulties even years later 
(Alexander, 1995; Kraus & Nourjah, 1988; Ponsford, et al.). This cluster of symptoms is 
collectively referred to as the postconcussion syndrome (PCS). PCS continues to be the 
subject of debate in the literature. A growing number of studies reveal postconcussion
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symptom report is influenced by factors other than just head injury status, suggesting that 
symptoms commonly associated with PCS may not be specific to MTBI.
Classification o f  Traumatic Brain Injury
The nature and severity of the force applied to the head is a major factor 
influencing the resulting type of injury. The basic mechanism of injury in MTBI is a blow 
to the head that delivers acceleration/deceleration forces to the brain (Gasqoine, 1997; 
Rosenthal, 1993). Mechanical forces can be applied to the head on a continuum ranging 
from superficial to very severe, and the extent of brain injury is related to the severity of 
the force (Kibby & Long, 1996). The mechanical aspects of MTBI are believed to be 
similar to those of more severe forms of TBI. However, lower inertial forces on the head 
and neck are thought to be a distinguishing factor in MTBI (Alexander, 1995). Based on 
clinical experience with head and brain injured patients, Reitan and Wolfson (2000) 
highlight the possibility of the following three scenarios: head trauma without brain 
injury, head trauma with brain injury, and brain injury without a physical blow to the 
head (e.g., whiplash injuries).
Traumatic brain injuries are classified according to the severity of injury and are 
used as a means of determining prognosis for the patient. The most commonly used 
measure of injury severity is the Glasgow Coma Scale (GCS; Teasdale & Jennett, 1974), 
on which scores range from 3 to 15 (see Appendix A). Scores from 13 to 15 represent 
“mild” injuries, scores from 9 to 12 represent “moderate” injuries, and scores of 8 or less 
represent “severe” injuries. While additional diagnostic criteria are typically used in 
conjunction with the GCS score in the classification of brain injury severity, severity of 
brain injury is not defined in terms of outcome. Surprisingly, at present there exists no
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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universally accepted criteria or definition for classifying TBI (Berrol, 1995; Binder,
1986; Kibby & Long, 1996).
Mild Traumatic Brain Injury
MTBI is a categorical classification that is based on one or more continuous
measures of a person’s level of consciousness including GCS score, length of loss of
consciousness (LOC) after the injury, and length of posttraumatic amnesia (PTA) (i.e.,
the time period from when the person regains consciousness until he or she regains the
capacity for continuous memory; Mittenberg & Strauman, 2000). Commonly used
criteria for defining a brain injury as mild are not always compatible (e.g., criteria differ
in terms of length o f PTA and LOC after injury), thus leading to confusion in the
literature (Binder, 1993; Bohnen, Jolles, & Twijnstra, 1992; von Holst & Cassidy, 2004).
The lack of an agreed upon definition of MTBI is particularly problematic given the high
incidence rates o f MTBI in the general population.
In 1993, the MTBI Committee of the Head Injury Interdisciplinary Special
Interest Group o f the American Congress of Rehabilitation Medicine published an
operational definition of MTBI. The definition put forth by the American Congress of
Rehabilitation Medicine is commonly found in the literature as a means of diagnosing
MTBI. The definition indicates that:
A patient with mild traumatic brain injury is a person who has had a traumatically 
induced physiological disruption of brain function, as manifested by at least one 
of the following: (1) any period of loss of consciousness; (2) any loss of memory 
for events immediately before or after the accident; (3) any alteration in mental 
state at the time of the accident (e.g., feeling dazed, disoriented, or confused); and 
(4) focal neurological deficit(s) that may or may not be transient; but where the 
severity o f the injury does not exceed the following: loss of consciousness of 
approximately 30 minutes or less; after 30 minutes, an initial Glasgow Coma 
Scale of 13-15; and posttraumatic amnesia not greater than 24 hours. This 
definition includes: (1) the head being struck; (2) the head striking an object; and
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(3) the brain undergoing an acceleration/deceleration movement (i.e., whiplash) 
without direct external trauma to the head. It excludes stroke, anoxia, tumor, 
encephalitis, etc. Computed tomography, magnetic resonance imaging, 
electroencephalogram, or routine neurological evaluations may be normal. Due to 
the lack o f medical emergency, or the realities of certain medical systems, some 
patients may not have the above factors medically documented in the acute stage. 
In such cases, it is appropriate to consider symptomatology that, when linked to a 
traumatic head injury, can suggest the existence of a mild traumatic brain injury.
Course o f  MTBI
The pathophysiological findings after MTBI are variable and to a certain degree 
inconclusive. The historical notion that concussion is a fully reversible cerebral insult 
without detectable neuropathological sequelae has been challenged by animal models and 
autopsy studies (Gasquoine, 1997). The findings from such studies o f closed head 
injuries, including injuries due to acceleration-deceleration forces, commonly reveal 
shearing and stretching of nerve fibers resulting in diffuse microscopic damage to the 
brain (i.e., diffuse axonal injury or DAI; Blumbergs, Jones, & North, 1989; Gennarelli, 
1986). Subcortical white matter is especially susceptible to DAI and increased axonal 
injury has been shown to occur with increased injury severity (Blumbergs et al., 1995). 
Despite evidence of DAI following MTBI, the extent and effect o f DAI after MTBI 
remains unclear. According to Gualtieri (1995), the severity of damage from closed head 
injury is proportional to the relative numbers of dead and damaged neurons, their relative 
functional importance and capacity for self-repair, and the ability o f the implicated brain 
system(s) to compensate for tissue loss (i.e., redundancy in the system). With regard to 
MTBI, the majority of neurological studies of structural changes in the brain after mild 
head injuries typically demonstrate normal or equivocal results (Bigler & Snyder, 1995; 
Reitan & Wolfson, 2000).
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The neuropsychological consequences o f MTBI have been well documented with 
most studies confirming deficits in the domains of attention, memory, and information 
processing in the first few days following MTBI with demonstrable recovery in most 
patients by 1-3 months post-injury (Binder, 1986; Dikmen, McLean, & Temkin, 1986; 
Jacobson, 1995; Levin et al., 1987). Similarly, a recent review of the literature by the 
World Health Organization (WHO) Collaborating Centre Task Force on Mild Traumatic 
Brain Injury concluded that in terms of objectively measured cognitive deficits, the best 
evidence suggests there are no MTBI-attributable cognitive deficits beyond 1-3 months 
post-injury in the majority of cases (Carroll et al., 2004). In contrast, several studies 
report increased vulnerability to neuropsychological deficits following multiple 
concussions (Gronwall & Wrightson, 1975) and decreased performance on cognitive 
tasks under stressful conditions (Leininger, Gramling, Farrell, Kreutzer, & Peck, 1990).
Hundreds of studies have investigated post-MTBI symptoms at various times 
following injury and the findings consistently reveal that self-reported symptom 
complaints are common after MTBI, and decrease in frequency over time following the 
injury. The most common symptoms typically reported following MTBI include 
headache, fatigue, irritability, and forgetfulness (Gasquoine, 1997; Paniak et al., 2002; 
Ponsford et al., 2000). Within the substantial literature on long-term patient complaints 
after MTBI, the vast majority of studies indicate that MTBI symptoms are largely 
resolved within 3 months of injury (Alexander, 1995; Binder, Rohling, & Larrabee, 1997; 
Kashluba et al., 2004; Ponsford et al.). Relatively fewer studies have investigated patient 
complaints within a shorter timeframe since injury. However, it has been demonstrated 
that post-MTBI symptom resolution may occur even within weeks o f MTBI. A recent
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study by Paniak and colleagues compared patient complaints within 1 month of MTBI to 
group-matched control subjects and found that subjective patient complaints could not 
decisively distinguish MTBI patients from uninjured controls (Paniak et al.). 
Postconcussive Symptomatology and Persistent PCS
PCS is not synonymous with MTBI. Rather, PCS is a term used to describe 
individuals who have sustained a head injury (not necessarily limited to mild injuries) 
and who develop any one of a number of symptoms not present pre-injury. Most 
descriptions of PCS include somatic symptoms (e.g., headache, dizziness, fatigue), 
cognitive symptoms (e.g., disturbance of memory, concentration, and information 
processing), as well as affective symptoms (e.g., irritability, emotional lability, 
depression, anxiety). PCS does not occur in all individuals who have sustained a MTBI, 
and symptom persistence beyond the typical 3-month recovery time post-injury is 
considered a poor outcome after MTBI (Carroll et al., 2004).
There is much debate in the literature regarding the origin, evolution, and 
resolution of symptom complaints following MTBI in light of the relatively small group 
of individuals who continue to report persistent symptoms after the typical 3-month 
recovery time (i.e., persistent PCS). Incidence rates for persistent PCS are highly variable 
in the literature and range from lows of 8% to highs of 84% depending upon many factors 
including the PCS diagnostic criteria used and the time of follow-up (Binder, 1997;
Rimel, Giordani, Barth, Boll, & Jane, 1981). However, the majority of studies report an 
incidence of persistent PCS following MTBI of approximately 10%-15% (Alexander, 
1995; Kraus & Nourjah, 1988).
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The heterogeneity of outcome after MTBI has led to the emergence o f many 
proposed theories that attempt to explain the complicated evidence about postconcussive 
symptoms. With respect to the etiology of post-MTBI symptoms, the research has 
focused on whether symptoms are due to alterations in neurophysiology and 
neuropathology secondary to the MTBI (i.e., neurogenic), or due to pre- and/or post­
injury psychological factors (i.e., psychogenic). A review of the literature by Lishman in 
1988 concluded that physiological factors contributed mainly to the onset o f PCS, with 
psychological factors contributing more to its chronic course. However, current research 
indicates that in terms o f the origin and maintenance of postconcussive symptoms, the 
traditional distinction between neurogenic and psychogenic disturbance is no longer 
supported (Jacobson, 1995). According to the WHO’s recent literature review, the most 
serious problem in the diagnosis of PCS is linking residual symptoms to the MTBI itself 
(Carroll et al., 2004). Moreover, a purely neurogenic theory of postconcussive symptoms 
is challenged by several current findings including the persistence of postconcussive 
symptoms after organic deficits have resolved, and symptom exacerbation in individuals 
without any organic deficits following MTBI. The evidence currently supports the notion 
that the causes of PCS are multifactorial, and that any causative explanation must 
consider an interdependent set of physiological, psychosocial, and behavioural factors 
unique to each individual following MTBI (Jacobson, 1995; Jagoda & Riggio, 2000).
Self-reported symptoms are an integral tool in the diagnostic work-up of 
individuals who have sustained a MTBI given that in the majority o f cases objective 
neurological imaging techniques are not conducted (e.g., computed tomography or 
magnetic resonance imaging) and definitive periods o f LOC or PTA are difficult to
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ascertain (Gordon, Haddad, Brown, Hibbard, & Sliwinski, 2000). As such, self-reported 
symptom complaints are often the primary means for an individual to communicate to 
family members, neuropsychologists, and other healthcare professionals o f any changes 
in their daily functioning following MTBI.
Despite an extensive documented literature on self-reported symptoms post- 
MTBI, one line o f research questions their meaning and validity. More specifically, 
studies have found a significant recall bias in some individuals post-MTBI such that they 
have a distorted retrospective view of their pre-injury functioning. That is, some 
individuals tend to overestimate the degree of post-injury change that has taken place by 
recalling fewer pre-injury symptoms (Hilsabeck, Gouvier, & Bolter 1998). A study by 
Mittenberg and colleagues found that individuals with PCS reported more current 
symptoms than normal controls, and reported premorbid symptoms at a lower rate than 
the baseline of normal controls (Mittenberg, DiGuillio, Perrin, & Bass, 1992). The 
authors suggest that the differences in symptom endorsement between the groups may be 
explained by the degree to which individuals with PCS reattribute everyday maladies, 
such as headaches, specifically to their head injury while underestimating the premorbid 
occurrence of such postconcussion symptoms. In this respect, expectation about 
postconcussion symptoms may play a significant role in symptom persistence. Symptom 
expectation may result in the re-attribution of benign symptoms to the head injury, thus 
leading to their selective attention which together increases their subjective intensity and 
reinforcing expectation (Jacobson, 1995; Warwick, 1989).
Another line of research has found that in some individuals, long-standing 
postconcussive symptoms may be attributable to non-neurological factors such as post-
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injury litigation, compensation seeking, and psychosocial issues. For example, Binder 
and Rohling (1996) conducted a meta-analysis of 17 studies and found that financial 
compensation was a strong risk factor for long-term disability and symptoms following 
MTBI. Similarly, Paniak and colleagues found that compensation-seeking strongly 
predicted delayed return to work, more long-term symptoms, and greater symptom 
severity in treated individuals following MTBI (Paniak, Toller-Lobe, Melnyk, & Nagy, 
2000; Paniak et al., 2002).
Insomuch as the term “psychosocial” refers to social stresses and supports, 
personal resources, and one’s coping style or response to stress, it has been found that 
everyday hassles and annoyances can aggravate postconcussive symptoms in individuals 
with low psychosocial resources (De Longis, Folkman, & Lazarus, 1988). In addition, it 
has been shown that some individuals develop negative expectations regarding their 
ability to control symptoms after sustaining a MTBI. Therefore, instead of adopting 
active self-management of symptoms following MTBI, some individuals turn to passive 
coping strategies such as avoidance of educational information and adaptive behaviours, 
inactivity, self-medication, and reliance on others (Frank, Haut, Smick, Haut, & Chaney, 
1990; Jacobson, 1995; Miller, Brody, & Summerton, 1988).
In addition, there is increasing recognition in the literature of the effect of 
individual factors on PCS before concussion occurs. However, information on such 
factors as personality traits, psychosocial issues, and cognitive functioning of individuals 
prior to sustaining a MTBI is typically limited, indirect, and relatively under-investigated 
(Gasquoine, 1997). One study that investigated social antecedents and psychological 
sequelae following MTBI found the persistence o f PCS was associated with social
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adversity before injury (Fenton, McClelland, Montgomery, MacFlynn, & Rutherford, 
1993). The study further revealed that individuals with persisting postconcussive 
symptoms at 6 months post-injury had on average twice as many social difficulties (i.e., 
adverse life events) and a higher incidence of life stressors compared to MTBI 
individuals whose symptoms had remitted by 6 months.
A further area of importance in the debate on persistent postconcussive symptoms 
pertains to their nonspecificity due to the common occurrence of postconcussive 
symptoms in non-MTBI health-related conditions, as well as their frequency in everyday 
functioning. That is, although postconcussive symptoms are commonly reported in the 
short-term following MTBI, they are not unique to this injury. Researchers examining the 
presence of postconcussion-like symptoms in non-MTBI samples have found a high rate 
of postconcussive symptom endorsement in many different patient populations including 
non-injured individuals seeking outpatient psychotherapy (Fox, Fees-Haley, Earnest, & 
Dolezal-Wood, 1995), non-head injured outpatients seen for minor medical treatment 
(Lees-Haley & Brown, 1993), and non-head injured individuals with chronic pain 
(Iverson & McCracken, 1997). Moreover, postconcussive symptoms such as headaches, 
irritability, anxiety, and fatigue have high endorsement rates in the normal population 
(Gouvier, Uddo-Crane, & Brown, 1988; McClean, Dikmen, & Temkin, 1993; Wong, 
Regennitter, &Barrios, 1994). A recent study showed that headaches were endorsed by a 
higher percentage of normal controls than MTBI patients 3 months post-injury (Kashluba 
et al., 2004).
One of the greatest areas of concern regarding the issue of persistent 
postconcussive symptomatology following MTBI centers on the variability in the
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research being conducted, particularly in regard to sample composition and methodology. 
Heterogeneity o f MTBI patient characteristics (e.g., inclusion and exclusion criteria 
pertaining to history o f previous head injury, premorbid neurological or psychiatric 
problems, post-injury compensation seeking), small sample sizes, inadequate or lack o f 
control groups, selective attrition o f subjects over time, and inconsistent follow-up times 
make it difficult to compare studies. Firm conclusions regarding post-MTBI sequelae are 
thus precluded by inconsistent findings. According to the WHO Collaborating Centre 
Task Force on Mild Traumatic Brain Injury, the most informative studies of prognostic 
factors and outcome after MTBI employ a longitudinal design, identify a comprehensive 
and representative cohort of subjects with MTBI as soon as possible after injury, and 
follow these individuals over time to identify both time to recovery and prognostic 
factors affecting recovery or symptom persistence (Carroll et al., 2004).
Based on the literature, there is significant variability in outcome following 
MTBI. Similarly, it is apparent that there exist a multitude of factors that may contribute 
to long-term symptom complaints following MTBI, other than damage to the brain. 
Current research indicates that persistent post-MTBI symptoms are maintained by an 
interdependent and varied set of physiological, psychological, and psychosocial factors, 
which is consistent with the growing number of studies suggesting that non-neurological 
factors may be more closely related to persistent PCS symptom report than head injury 
status. As such, understanding the differential response to seemingly equivalent head 
trauma may require focusing on each MTBI case individually, thus taking into 
consideration the premorbid and post-injury factors unique to each person.
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PCS Diagnostic Considerations
Despite attempts by researchers and clinicians to generate explicit criteria and 
guidelines for standardizing and diagnosing PCS, consensus defining criteria do not 
currently exist, nor is there a specific symptom complex that has an acceptable predictive 
value (Gasquoine, 1997; Jagoda & Riggio, 2000). While reference is frequently made to 
PCS in the literature, in some instances the existence of any one or two self-reported 
symptoms has been deemed significant (Alves, Macciocchi, & Barth, 1993). 
Consequently, integration of research findings across studies is problematic and the 
diagnosis o f PCS following MTBI continues to be elusive. There currently exist two 
classification systems that provide diagnostic criteria for PCS, the Diagnostic and 
Statistical Manual o f  Mental Disorders (DSM-IV-TR, 2000) and the International 
Classification o f  Diseases and Related Health Problems, 10th edition (ICD-10; WHO, 
1992).
The DSM-IV-TR contains diagnostic criteria for what it terms Postconcussional 
Disorder. The DSM-IV-TR states that Postconcussional Disorder “occurs as a 
consequence of closed head injury of sufficient severity to produce a significant cerebral 
concussion”. According to the DSM-IV-TR, the manifestations of Postconcussional 
Disorder include LOC, PTA, and less commonly, posttraumatic onset of seizures, each 
with specified times of onset from injury. In addition, the proposed diagnosis specifies 
objective evidence on neuropsychological testing of declines in particular cognitive 
abilities (e.g., attention, concentration, learning, or memory), subjective symptoms of 
MTBI that are present for at least 3 months following the head injury, and resulting 
significant impairment in social or occupational functioning. The diagnostic category of
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Evaluating the predictive 13
Postconcussional Disorder is currently included in the DSM-IV-TR as a proposed 
“criteria set for further study.” The DSM-IV-TR further states there is currently 
insufficient information to warrant inclusion of Postconcussional Disorder as a diagnostic 
disorder and that additional research is required to determine its utility as an official 
category.
The ICD-10 is a comprehensive listing o f medical disorders and diagnostic
criteria that is routinely used by health professionals worldwide. The ICD-10 provides a
second set o f currently recommended diagnostic criteria for PCS included within the
following definition:
The [postconcussional] syndrome occurs following head trauma (usually 
sufficiently severe to result in loss of consciousness) and includes a number of 
disparate symptoms such as headache, dizziness (usually lacking the features of 
true vertigo), fatigue, irritability, difficulty in concentrating and performing 
mental tasks, impairment o f memory, insomnia, and reduced tolerance to stress, 
emotional excitement, or alcohol. These symptoms may be accompanied by 
feelings o f depression or anxiety, resulting from some loss o f self-esteem and fear 
of permanent brain damage. Such feelings enhance the original symptoms and a 
vicious circle results. Some patients become hypochondriacal, embark on a search 
for diagnosis and cure, and may adopt a permanent sick role. The etiology of 
these symptoms is not always clear, and both organic and psychological factors 
have been proposed to account them. The nosological status of this condition is 
thus somewhat uncertain. There is little doubt, however, that this syndrome is 
common and distressing to the patient. At least three o f the features described 
above should be present for a definite diagnosis. Careful evaluation with 
laboratory techniques (electroencephalography, brain stem evoked potentials, 
brain imaging, oculonystagmography) may yield objective evidence to 
substantiate the symptoms but results are often negative. The complaints are not 
necessarily associated with compensation motives (section F07.2).
Precise interpretation of the ICD-10 criteria for PCS has been criticized as
difficult to ascertain, in part due to the ambiguous use o f punctuations in the text (Iverson
& Lange, 2003). Similarly, the WHO acknowledges limitations with the ICD-10 criteria
for PCS by stating that the criteria are difficult to operationalize (Carroll et al., 2004).
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Operational limitations are particularly evidenced by the definition’s lack of a specific set 
o f diagnostic criteria. For example, the statement “at least three o f  the features described 
above” necessitates a subjective interpretation o f the definition given that no objective list 
of symptoms or ‘ features” is included to which this statement refers. Furthermore, the 
inclusion o f statements such as “may be accompanied b y f  “may adopt f  and “some 
patients” indicates that the experience of symptoms following head injury differs among 
individuals.
The degree to which PCS symptoms are measurable by self-report is extremely 
important given that self-reported symptom complaints are often the primary means of 
obtaining information pertaining to post-injury functioning after head injury. The ICD-10 
criteria for PCS fail to provide a definitive list of symptoms measurable by self-report. 
However, the following nine ICD-10 PCS symptoms are both determinable by self-report 
and commonly found in studies of self-reported postconcussion symptom complaints: 
headache, dizziness, fatigue, irritability, difficulty in concentrating, impairment of 
memory, insomnia, depression, and anxiety (Iverson & Lange, 2003; Gouvier, Cubic, 
Jones, Brantley, & Cutlip, 1992; Ponsford et al., 2000).
Although additional symptoms are contained within the ICD-10 definition for 
PCS, they are either less readily measurable by self-report, not considered typical PCS 
complaints in the literature, and/or are included in the definition in such a manner that it 
is unclear whether they are in fact intended to be considered a symptom of PCS. For 
example, the statements “some patients become hypochondriacalf “may adopt a 
permanent sick r o le f  “loss o f  s e lf-e s te e m and “fear ofpermanent brain damage” can 
all be interpreted as possible outcomes of experiencing PCS symptoms, rather than
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existing as unique and measurable PCS symptoms themselves. Likewise, the three 
symptoms contained in the statement “reduced tolerance to stress, emotional excitement, 
or alcohoF  are seldom found in the literature as self-reported postconcussive symptoms.
Although the ICD-10 criteria for PCS are one of only two standardized diagnostic 
systems for postconcussive symptomatology, very few studies of postconcussive 
symptoms have investigated the incidence of ICD-10 PCS symptoms. Moreover, no 
study to date has investigated the incidence of ICD-10 PCS symptoms in individuals 
following MTBI. Iverson and Lange (2003) recently examined the prevalence of 
postconcussion-like symptoms in healthy volunteers using criteria based on ICD-10 
diagnostic guidelines for PCS. The study revealed that a significant proportion of 
participants endorsed ICD-10 self-report criteria for PCS based on symptoms reported to 
be in a moderate-severe range. However, the self-report symptom criteria used in the 
study included symptoms that are not listed in the ICD-10 PCS definition and the study 
failed to include a head-injured comparison group.
Present Study
Given the prevalence of PCS in the literature, combined with a relative lack of 
research examining currently recommended diagnostic criteria for PCS, the present study 
seeks to investigate the utility of ICD-10 diagnostic criteria for self-reported PCS 
symptoms in classifying post-MTBI symptoms in a large controlled sample over time. 
The present study will compare endorsement rates of self-reported ICD-10 PCS 
symptoms of two groups of individuals: a group of adults with MTBI and a group of 
healthy adult volunteers. Taking into consideration typical recovery timelines following
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MTBI as indicated by previous research, the two time periods o f interest for the present 
study are 1 month and 3 months post-injury.
O f primary interest is to determine how well the ICD-10 self-report PCS 
symptoms can collectively differentiate the MTBI group from the control group at 1 and 
3 months post-injury. Given that previous research has shown PCS symptom complaints 
are common immediately following MTBI and tend to resolve in the majority o f adults 
by 3 months post-injury, it is predicted that ICD-10 PCS symptoms will be able to 
decisively distinguish the MTBI group from the control sample at 1 month post-injury, 
but will no longer be able to differentiate between the two groups at the 3 month follow- 
up time.
The present study will also investigate which individual ICD-10 PCS self- 
reported symptoms best differentiate the MTBI group from the group of healthy 
volunteers at 1 month and 3 months post-injury. Since previous research indicates that 
headaches, irritability, anxiety, and fatigue have high rates of endorsement in the normal 
population (Gouvier et al., 1988; McClean et al., 1993), it is expected that endorsement 
rates for these symptoms will remain unchanged in the control group over time (i.e., no 
difference between baseline and 3 month follow-up) and that symptom endorsement will 
not differ between the MTBI and control groups on these symptoms at either time of 
interest. Subsequently, it is predicted that endorsement rates between the groups for the 
remaining PCS symptoms will differ at 1 month post-injury, but no difference will be 
found at the 3-month follow-up time.
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Finally, the present study will contribute to the growing body of knowledge on 
postconcussive-like symptom complaints in the normal population by examining ICD-10 
PCS symptom endorsement rates in the healthy volunteers over time.
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Method
Participants
This study comprised two groups for whom self-report data were available at both 
time periods o f interest: (1) 110 adults with MTBI diagnosed according to the American 
Congress o f Rehabilitation Medicine’s 1993 MTBI definition; and (2) 118 healthy adults 
who volunteered to participate in a MTBI treatment study.
The healthy volunteer control group participants were recruited from university, 
hospital, and municipal government offices and included both staff and students. The 
control participants were approached by an undergraduate research assistant at the three 
abovementioned sites and asked if they wanted to participate in a study comparing some 
of the problems experienced by individuals with a concussion to the problems of 
everyday living experienced by nonconcussed individuals. The control participants did 
not receive any incentives for participating in the study.
The MTBI participants were drawn from consecutive admissions to two hospital 
emergency wards and volunteered to participate in a MTBI treatment study. A nurse at 
each emergency ward reviewed new admissions once or twice per week to identify 
individuals who may have met the criteria for MTBI. The nurses were instructed to use a 
liberal interpretation of the American Congress o f Rehabilitation Medicine’s 1993 MTBI 
criteria in deciding whom to contact. Potential participants were then contacted by 
telephone and letter to determine if they wanted to take part in a study evaluating the 
efficacy of treatments for concussion. If interested, the participant telephoned the clinical 
neuropsychologist (i.e., the principal investigator for the original study from which the 
current data will be drawn) who conducted a more exacting interview regarding the 1993
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MTBI inclusion criteria. If participants met the inclusion and exclusion criteria and 
wanted to participate in the study, they met with the clinical neuropsychologist within 
three weeks o f injury. The MTBI participants sustained their injuries from motor vehicle 
accidents, sporting activities, falls, bicycle accidents, and assaults.
Exclusionary criteria for both the MTBI and control participants included: (1) a 
history o f inpatient treatment for any psychiatric disorder; (2) a diagnosis o f mental 
retardation; (3) an inability to read fluently in English based on self-report; (4) a history 
of TBI more severe than MTBI at any point in their life; (5) a MTBI within 1 year prior 
to participation in the MTBI study; (6) any ongoing central nervous system disorder; or
(7) concurrent pregnancy. The control participants were group-matched to MTBI patients 
on age, sex, years o f education, and socioeconomic status. Ensuring that no differences 
existed between the MTBI and control groups on these demographic variables would 
serve to reduce any possible confounding effects related to these variables.
At the time of the 3 month follow-up, the MTBI participants were assigned to one 
of two treatment groups: (1) a one session education, information, and reassurance group; 
or (2) a group that received the same treatment with the addition o f a brief 
neuropsychological assessment and physical therapy assessment, followed by treatment 
as needed (median number of further treatment contacts = 1). As the results from the 
treatment study indicated that no significant differences in outcome were found between 
the two treatment groups (Paniak, Toller-Lobe, Nagy, & Durand, 1998; Paniak, Toller- 
Lobe, Reynolds, Melnyk, & Nagy, 2000), the treatment groups were combined to 
comprise the MTBI group used in the current study. Although the brief treatment 
received by the MTBI group makes this sample unique from many other studies, it
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contributes to the body of knowledge about MTBI symptom resolution and the nature of 
persisting PCS symptoms.
Procedure
This study used archival data obtained in a manner such that all efforts were made 
to ensure complete confidentiality of the data (i.e., no identifying information included, 
all files to remain on site, etc.). Information unique to each participant was coded and all 
identifying information was removed prior to being released to the researcher.
Participants in both the MTBI and control groups completed the Problem 
Checklist (PCL; Kay, Cavallo, Ezrachi, & Vavagiakis, 1995) from the New York Head 
Injury Family Interview. The PCL consists of 43 items, each reportedly a common TBI 
complaint (see Appendix B for the complete list of PCL items). Each PCL item requires a 
Yes/No response and indicates whether the individual currently experiences the problem. 
Participants in the MTBI group completed the PCL within 1 month of injury (mean 
number of days between injury and initial PCL administration 12.09, S.D. = 5.84, range = 
1-27) and again at approximately 3 months post-injury (mean number of days between 
injury and follow-up PCL administration 98.28, S.D. = 11.14, range = 73-164; 66% of 
MTBI participants were seen for the follow-up PCL administration within 100 days of 
injury). The control participants also completed the PCL twice, with an approximate 3- 
month interval between administrations.
Taking into consideration the aforementioned interpretive limitations of the ICD- 
10 PCS diagnostic criteria, nine disparate symptoms measurable by self-report are clearly 
evident. These nine ICD-10 PCS symptoms are included among the list of 43 PCL items 
administered to the MTBI and control groups: (1) headaches; (2) dizziness/vertigo; (3)
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fatiguing quickly/getting tired easily; (4) irritability; (5) poor concentration for extended 
periods o f time; (6) being forgetful/difficulty remembering things; (7) sleep disturbance;
(8) depression; and (9) anxiety/tension. Symptom endorsement rates were drawn from 
MTBI and control participants’ responses to these nine symptoms from both PCL 
administrations times o f interest.
Statistical Analyses
Two primary sets o f analyses were conducted corresponding to the two principal 
questions of interest in the proposed study. The first set of analyses employed a logistic 
regression analysis to determine which individual ICD-10 PCS symptoms best 
differentiated the MTBI group from the control sample at 1 and 3 months post-injury. 
Logistic regression is commonly used in analyses in which the goal is to be able to 
predict the presence or absence of an outcome based on values o f a set of predictor 
variables where the dependent variable is dichotomous. In addition, logistic regression 
coefficients can be used to estimate odds ratios for each of the independent variables in 
the model. For the proposed study, each of the nine ICD-10 PCS symptoms were treated 
as unique predictor variables in order to determine the probability of symptom experience 
in the MTBI and control groups at both time periods of interest.
The second set o f analyses addressed the question of the predictive accuracy of 
the nine ICD-10 PCS symptoms in differentiating the MTBI group from the control 
group by employing a receiver operating characteristic (ROC) curve analysis at both 1 
month and 3 months post-injury. ROC curve analysis is an effective way to evaluate the 
performance of classification schemes in which there is one variable with two categories 
by which subjects are classified. ROC analysis is used extensively in epidemiological and
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medical diagnostic research to assess the efficacy of diagnostic systems (Swets, 1996). It 
allows for an analysis of both the sensitivity of the ICD-10 PCS symptom criteria (i.e., 
how well the symptoms can identify individuals with MTBI) and the specificity of the 
symptom criteria (i.e., how well the symptoms can identify the healthy volunteers). Given 
the categorical nature of the data in question, whereby participants in both the MTBI and 
control groups endorsed symptom experience using Yes/No responses, a binary ranking 
of these values was applied (i.e., Yes response = 1, No response = 0). In this manner, a 
true positive (i.e., a “hit”) corresponded to an individual with MTBI who endorsed the 
symptom in question and a false positive (i.e., a “false alarm”) corresponded to a control 
group participant who endorsed the symptom in question. Taking into consideration that 
four o f the nine ICD-10 PCS symptoms o f interest have been shown to commonly exist 
in the normal population, it would presumably be of no diagnostic use to set the test 
threshold (i.e., prediction criterion) for this analysis to fewer than five symptoms. In 
addition, the results of the logistic regression analysis served as a guide in determining 
the most appropriate test threshold in which to interpret the ROC analysis. For example, 
if the results o f the logistic regression revealed that six of the nine symptoms of interest 
differentiated the MTBI group from the control group, it would presumably be wise to set 
the test threshold for the ROC analysis to a cut point of six symptoms. Furthermore, 
given the exploratory nature of the research in question, it is reasonable to interpret the 
ROC analysis at varying symptom cut points to ensure the optimal positive predictive 
value is obtained. That is, since no study to date has investigated ICD-10 PCS 
symptomatology in individuals following MTBI, comparing all possible test threshold
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symptom numbers may prove to be the most favourable way to effectively evaluate the 
predictive utility o f the ICD-10 PCS classification scheme.
Aside from the two primary sets of analyses, a repeated measures MANOVA on 
ICD-10 PCS symptoms endorsed was conducted for both the MTBI and control groups in 
order to assess the effect of time from baseline to the 3 month follow-up. The repeated 
measures MANOVAs determined whether symptom endorsement within each group 
changed from baseline to follow-up, thus providing an indication o f whether overall each 
group improved over time with respect to ICD-10 PCS symptom experience.
Finally, in order to obtain important information pertaining to postconcussive-like 
symptom complaints in the normal population over time, a descriptive analysis of 
symptom endorsement rates in the healthy control group was performed.
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Results
No statistically significant (p < .05) difference was found between the MTBI and 
control group on age (M = 33.06, S.D. = 12.03 vs. M = 30.44, S.D. = 11.68), years of 
education (M = 13.83, S.D. = 2.90 vs. M = 14.18, S.D. = 2.04), or gender (53% female 
vs. 60% female).
Logistic Regression
A logistic regression analysis was performed to determine which individual ICD- 
10 PCS symptoms best differentiated the MTBI group from the control group at 1 month 
and 3 months post-injury. As illustrated in Table 1, at 1 month following injury, seven of 
the nine PCS symptoms differentiated the MTBI group from the control group (p < .05), 
with a greater number of MTBI than control participants endorsing all seven symptoms. 
Only depression and anxiety/tension failed to differentiate the two groups at 1-month 
post- injury. Conversely, by the time of the 3-month follow-up only fatiguing quickly and 
dizziness/vertigo differentiated the MTBI and control groups (p < .05).
Odd ratios provided in Table 1 indicate the likelihood of experiencing the PCS 
symptom based on symptom endorsement by each group. At 1 month post-injury, the 
MTBI group was more likely than the control group to experience each of the nine 
symptoms, although the probability of symptom experience varied and was far greater for 
some symptoms, such as fatiguing quickly. Conversely, at 3 months post-injury the 
likelihood o f the MTBI group endorsing fatiguing quickly was reduced substantially, and 
the odd ratios for the remaining eight PCS symptoms were close to 1:1.
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Table 1
PCS symptoms with a significant difference in endorsement between groups from 1- 
month to 3-month follow-up
















Fatiguing quickly 90 33* 19.704 59 36* 2.614
Dizziness/vertigo 59 22* 4.983 27 16* 1.954
Poor concentration 63 35* 3.276 42 37 1.209
Being forgetful 74 47* 3.078 48 50 .930
Headaches 76 58* 2.602 58 59 .954
Sleep disturbance 72 47* 2.522 50 40 1.511
Irritability 61 47* 1.858 56 47 1.430
Depression 40 33 1.341 39 37 1.079
Anxiety/tension 63 60 1.110 51 58 .736
PCS: Postconcussion syndrome; MTBI: mild traumatic brain injury.
MTBI (%) and control (%) indicate the percentage of people in each group endorsing the 
symptom.
Asterisks in control (%) columns indicate significant differences between MTBI and 
control group endorsement rates._________________________________________________
ROC Analysis
Investigation of the predictive accuracy of the PCS criteria in differentiating the 
MTBI group from the control group was conducted by ROC analysis and an examination 
of utility estimates. Collectively, the ICD-10 PCS symptoms significantly classified the 
MTBI and control participants into their respective groups at baseline; the area under the 
ROC curve at 1 month post-injury was 0.74 (p < .001, SE ± .032; see Figure 1).
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Figure 1. ROC curve obtained at 1 month post-injury.
This measure o f the overall ability of the PCS diagnostic criteria to distinguish 
between MTBI and control participants categorizes the PCS criteria as “fair” but not 
“good” or “excellent” (qualitatively, the area under an ROC curve can be described using 
the following ranges: fair: .50 - .75; good: .76 - .92; very good: .93 - .97; and excellent: 
.98 -  1.00; Simon, 2005). Moreover, as the interpretation of the predictive accuracy of 
the PCS criteria is based on varying numbers of PCS symptoms endorsed (i.e., the range 
is from zero to nine symptoms endorsed), the overall accuracy estimation depends on the 
cutoff point used to determine a positive test. For example, as shown in Table 3, if a 
positive test was determined to be endorsement of all nine PCS symptoms, less than 22% 
of the MTBI participants would be correctly classified (sensitivity = 21.8%) despite 
correctly classifying over 96% of control participants (specificity = 96.6%). Similarly, if
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one considers a positive test as requiring endorsement o f at least eight PCS symptoms, 
then the sensitivity increases to 30% and the specificity decreases to 95%. Thus, taking 
into consideration the trade-off between true positive and true negative rates, the optimal 
cut point for a positive test appeared to be endorsement of at least five PCS symptoms. 
Further support for a test threshold of at least five symptoms endorsed was evidenced by 
the dramatic decline in participant classification accuracy when a cutoff of less than five 
PCS symptoms was employed, with sensitivity rates falling below 11%. Even the optimal 
positive test threshold of endorsement of five symptoms coincided with a sensitivity of 
only 73% and specificity of only 61%. Thus, at best the ICD-10 PCS criteria still 
incorrectly classified nearly 40% of control participants (false positive rate = 39%) and 
failed to correctly classify nearly 30% of MTBI participants (false negative rate =
27.3%).
Table 2
Utility estimates at 1-month post-iniurv in classifying MTBI and control participants
No. PCS No. participants Sensitivity Specificity Positive False False
symptoms
endorsed MTBI Controls






9 24 4 21.8 96.6 85.7 3.4 78.2
8 9 2 30.0 94.9 84.6 5.1 70.0
7 18 13 46.4 83.9 72.9 16.1 53.6
6 12 7 57.3 78.0 70.8 22.0 42.7
5 17 20 72.7 61.0 63.5 39.0 27.3
4 10 16 9.1 86.4 38.5 13.6 90.9
n 12 17 10.9 85.6 41.4 14.4 89.1
2 4 17 3.6 85.6 19.0 14.4 96.4
1 3 16 2.7 86.4 15.8 13.6 97.3
0 1 6 0.9 94.9 14.3 5.1 99.1
Total 110 118
PCS: Postconcussion syndrome; MTBI: mild traumatic brain injury.
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Collectively, the ICD-10 PCS symptoms were not able to accurately classify the 
MTBI and control participants into their respective groups at 3 months post-injury. The 
area under the ROC curve at the 3-month follow-up time was 0.55 (p > .05, SE ± .039; 
not significantly different from an area o f 0.50), indicating that endorsement rates of the 
PCS symptoms were no better than chance alone in differentiating the MTBI participants 
from the control participants. Thus, no further investigation of utility estimates at the 3- 
month follow-up time was conducted. The ROC curve for symptom endorsement rates at 
3 months post-injury is shown in Figure 2.

















False Positive Fraction (1 - Specific ity)
Figure 2. ROC curve obtained at 3 months post-injury.
MAN OVA
In order to investigate whether PCS symptom endorsement rates within each group 
changed over time, repeated measures MANOVAs were conducted for both the MTBI 
and control groups. The repeated measures MANOVA on PCS symptom endorsement in
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the control group found no significant effect of time from baseline to the 3-month follow- 
up time (F (9, 109) = 1.17, p = .321). Conversely, the repeated measures MANOVA on 
symptom endorsement in the MTBI group found a significant effect of time (F (9, 101) = 
10.30, p < .001) such that PCS symptom endorsement rates were significantly lower at 3- 
months post-injury than within 1 month of injury. Table 2 shows those PCS symptoms 
that significantly declined from baseline to 3-month follow-up in the MTBI group.
Table 3
PCS symptoms with a significant decrease in endorsement by MTBI participants from 1- 
month to 3-month follow-up





Fatiguing quickly 90 59 34.20*
Headache 76 58 12.25*
Dizziness/vertigo 59 27 35.85*
Poor concentration 63 42 17.42*
Being forgetful 74 48 26.91*
Anxiety/tension 63 51 4.47*
Sleep disturbance 72 50 16.42*
Irritability 61 56 .805
Depression 40 39 .043
PCS: Postconcussion syndrome; MTBI: mild traumatic brain injury.
* Indicates significant difference in symptom endorsement.
F = univariate F-statistic for the decrease in symptom endorsement across time from 1- 
month to 3-month follow-up.__________________________________________________
PCS Symptom Complaints in the Healthy Control Group
Despite no significant change in ICD-10 PCS symptom endorsement over time in 
the control group, further investigation revealed consistently high endorsement rates for 
many PCS symptoms. For example, at the time of the first PCL administration, eight of 
the nine PCS symptoms were endorsed by at least one third of control participants. 
Similarly, the same eight PCS symptoms continued to be endorsed by more than one
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third o f control participants at the time of the 3-month follow-up, with three symptoms 
endorsed by at least 50% of the control group (i.e., headaches, anxiety/tension, being 
forgetful). These findings provide evidence of relatively high base rates of ICD-10 PCS 
symptom experience in the healthy control participants. Table 4 lists endorsement rates of 
the ICD-10 PCS symptoms by the control group at both time periods of interest.
Table 4






Fatiguing quickly 33 36
Headache 58 59
Dizziness/vertigo 22 16
Poor concentration 35 37
Being forgetful 47 50
Anxiety/tension 60 58
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Discussion
The purpose o f diagnostic criteria is to facilitate professional communication and 
delivery o f health care services, and to ensure that clinical research findings are 
descriptive of well-defined populations (Slick, Sherman, & Iverson, 1999). As is the case 
with many clinical disorders or syndromes, universally accepted criteria do not currently 
exist for the diagnosis o f PCS, serving only to further complicate the already confusing 
evidence surrounding this syndrome. The current study’s investigation of the ICD-10 
PCS criteria following MTBI provides an important first look at one of only two 
currently recommended diagnostic systems for PCS.
Individual Symptom Endorsement Differences Between Groups
Due to their reported high base rates in the normal population (e.g., Gouvier et al., 
1988; McClean et al., 1993; Wong et al., 1994), it was expected that symptom 
endorsement rates for four of the ICD-10 PCS symptoms (i.e., headaches, irritability, 
anxiety/tension, and fatigue) would not differ between the MTBI and control groups at 1 
month or 3 months post-injury. This prediction was not supported. The current results 
indicated that headaches, irritability, and fatiguing quickly had a significantly higher 
endorsement rate in the MTBI group as compared to the control group at 1 month post­
injury. Similarly, it was found that of the four symptoms, fatiguing quickly continued to 
have a significantly higher endorsement rate in the MTBI group at the time o f the 3- 
month follow-up. Thus, despite the reportedly high incidence o f four of the nine ICD-10 
PCS symptoms in the normal population, the results indicated that at least some of these 
symptoms are more prominent in MTBI patients. As predicted, endorsement rates for the
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four symptoms in question remained unchanged in the control group over time indicating 
their relative stability in healthy individuals.
In spite o f the higher symptom endorsement rates in the MTBI group on several 
of the four common PCS symptoms, the results of the current study revealed that a 
relatively high percentage of control group participants did indeed endorse the four 
symptoms. At baseline, anxiety/tension, headaches, irritability, and fatiguing quickly 
were endorsed by 60, 58, 47, and 33% of control participants, respectively. These 
endorsement rates are comparable to rates reported by control groups on the same 
symptoms in other studies (Fox et al., 1995; Lees-Haley & Brown, 1993). Moreover, 
investigation o f endorsement rates of all nine ICD-10 PCS symptoms in the current study 
revealed that at the time of the 3-month follow-up, a higher percentage of control 
participants endorsed headaches, anxiety/tension, and being forgetful than did MTBI 
participants. Thus, the current study provides evidence o f high base rates of ICD-10 PCS 
symptom experience in the healthy control group and similarly contributes to the 
evidence that symptoms commonly associated with PCS are not specific to MTBI. The 
high base rates o f PCS symptoms further highlights the need for symptom assessment 
following MTBI to focus on pre-injury to post-injury changes rather than merely post­
injury symptom occurrence (Gasquoine, 1997; van Zomeren & van den Burg, 1985).
Taking into consideration all nine ICD-10 PCS self-reported symptoms at 1 
month post-injury, the symptoms that best differentiated the MTBI from the control 
group in the current study were fatiguing quickly, dizziness/vertigo, poor concentration, 
being forgetful, headaches, sleep disturbance, and irritability. All symptoms were 
endorsed by a higher percentage of MTBI patients as compared to control participants.
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Considering the relatively high symptom endorsement rates by the control participants, 
the finding that seven of the nine ICD-10 PCS symptoms differentiated the MTBI and 
control group participants at 1 month post-injury provides evidence of significant 
symptomatology in the MTBI group soon after injury and is in keeping with the literature 
indicating that self-reported symptom complaints are common soon after MTBI (e.g., 
Alexander, 1995; Carroll et al., 2004; Gasquoine, 1997). However, given the relative 
dearth o f studies investigating the role of psychological distress after injury, medication 
effects, or pain from associated injuries in the etiology of symptoms in the acute stage of 
MTBI (Carroll, et al., 2004), in combination with the present study’s lack of a non-head 
injured patient comparison group, one cannot conclude that the MTBI group’s symptom 
complaints soon after injury were exclusively neurogenic in nature. Similarly, the fact 
that PCS-like symptom complaints are reported in other clinical conditions without 
MTBI (e.g., chronic pain; Iverson & McCracken, 1997) suggests that these symptom 
complaints may be sensitive to clinical abnormality in general, and not specific to MTBI.
At the time of the 3-month follow-up, only two of the nine ICD-10 PCS 
symptoms differentiated the MTBI patients from healthy controls: fatiguing quickly and 
dizziness/vertigo. Interestingly, these were the same two symptoms that best 
differentiated the groups at baseline suggesting their potential utility as indicators of 
persistent PCS symptomatology. However, studies investigating post-MTBI symptoms 
that included more than the nine ICD-10 PCS self-reported symptoms outlined in the 
current study have found different results. For example, using the Post Concussion 
Symptom Checklist (Gouvier et al., 1992), Ponsford and colleagues (2000) found 
subjective reports of dizziness and fatigue (among other symptoms) to differentiate an
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MTBI group from normal controls at 1 week post-injury; however, only headaches and 
concentration difficulties were found to differ between the MTBI and control group at 3 
months post-injury. Similarly, based on all 43 PCL symptoms, Kashluba et al. (2004) 
found fatiguing quickly and dizziness/vertigo to be the symptoms with the second and 
eighth highest differences in endorsement, respectively, between the MTBI and control 
group at 3 months post-injury. Therefore, with the use of a symptom checklist that 
includes more than the nine symptoms identified in the ICD-10, the importance of 
fatiguing quickly and dizziness/vertigo as indicators of persistent symptomatology is 
seemingly reduced. In this view, one limitation o f the ICD-10 criteria for self-reported 
PCS may lie in its inclusion of too few PCS symptoms.
In addition, the current study found that symptom endorsement did not differ 
between the MTBI and control groups on depression or anxiety/tension at either time 
period of interest suggesting that at least these two symptoms may not be useful measures 
for assessing PCS after MTBI using the ICD-10 criteria. Self-reported symptom 
endorsement rates for depression and anxiety are variable in the literature, with some 
studies indicating differences in symptom endorsement between MTBI patients and 
controls (e.g., Lees-Haley & Brown, 1993) and others indicating no differences among 
similar groups of participants on these two symptoms (e.g., Kashluba et al., 2004; Paniak 
et al., 2002; Ponsford et al., 2000).
Predictive Accuracy o f  ICD-10 PCS Symptoms
The hypothesis that the ICD-10 PCS symptoms would be able to decisively 
classify MTBI and control participants into their respective groups at 1 month post-injury 
was only partially supported. That is, although collectively the ICD-10 PCS symptoms
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significantly distinguished MTBI from control participants at 1 month post-injury, the 
overall accuracy of the diagnostic scheme (i.e., number o f correct classifications in the 
entire sample) could only be described as “fair.” More specifically, although the results 
indicated that the optimal threshold by which to correctly classify MTBI and control 
participants at 1 month post-injury was endorsement o f at least five o f the nine ICD-10 
PCS symptoms, this cutoff point corresponded to a sensitivity and specificity of only 
73% and 61%, respectively. Thus, even at the optimal test threshold of five symptoms 
endorsed, the predictive utility of the ICD-10 PCS symptoms as a diagnostic scheme was 
inadequate as it still failed to correctly classify nearly 30% of the MTBI participants and 
incorrectly classified 39% of control participants into the MTBI group at 1 month post­
injury. As predicted, by the time of the 3-month follow-up, the ICD-10 PCS symptoms 
were unable to accurately classify individual participants into their respective MTBI or 
control groups. That is, as a diagnostic classification scheme the ICD-10 self-reported 
PCS symptoms were no better than chance alone at correctly classifying MTBI and 
control participants at 3 months post-injury, providing evidence that the predictive utility 
of the ICD-10 PCS criteria becomes less accurate as time from injury increases. This 
finding is in keeping with the typical course of symptom resolution by 3 months post- 
MTBI (Alexander, 1995; Binder et al., 1997; Kashluba et al., 2004).
The current findings provide evidence that even soon after MTBI, a diagnosis of 
PCS using ICD-10 self-reported symptoms is inadequate and prone to misdiagnosis. 
Moreover, with a 40% false positive rate within 1 month of injury, the results further 
suggest the ICD-10 PCS symptoms are not highly sensitive to MTBI. The high base rates 
of symptom experience in the healthy control group bears directly on the sensitivity and
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specificity of the ICD-10 PCS criteria and raises a larger issue regarding the validity of 
assigning these symptoms to a “syndrome” considering both the prevalence of the 
symptoms in the normal population and the evidence that the vast majority of symptoms 
resolve by 3 months post-MTBI in most individuals. Similarly, the evidence is 
increasingly pointing toward understanding the differential response to seemingly 
equivalent head injury by focusing on each case and symptom complaint on an individual 
basis. Indeed, the WHO indicates the urgent need for intervention studies that address the 
various individual persistent complaints that some patients have post-MTBI (Borg et al., 
2004).
Within Group Differences Over Time
Based on ICD-10 PCS symptom endorsement rates, the results of the current 
study revealed that overall the MTBI patient group had improved from 1 month to 3 
months post-injury. This finding is consistent with the literature indicating demonstrable 
recovery in most MTBI patients by 3 months post-injury (Binder, 1986; Carroll et al., 
2004; Jacobsen, 1995; Levin et al., 1987). Despite the reduced self-reported 
symptomatology as time from injury increased, the current finding that MTBI patients 
continued to endorse two of the nine ICD-10 PCS symptoms more frequently than 
controls at follow-up does provide evidence of some persistent symptomatology at 3 
months post-MTBI. However, as previously mentioned, given that another non-head 
injured patient control group was not included in this study, one cannot conclude that the 
persisting complaints were due to the MTBI and not to medication effects, an associated 
injury, psychological distress, or some combination of the three. Similarly, relatively few 
studies in the literature have addressed the relationship between poor outcome following
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MTBI (i.e., persistent symptomatology) and non-brain injury factors such as psychosocial 
stressors and personality traits (Carroll et al., 2004; Gasquoine, 1997), and according to 
the WHO one of the most serious problems in the diagnosis of PCS is linking residual 
symptoms to the MTBI itself (Carroll et al., 2004). To date, the most consistent predictors 
of delayed recovery after MTBI in the literature center on compensation and litigation 
factors (Carroll et al., 2004).
General Discussion
While the current findings regarding the predictive accuracy of the ICD-10 PCS 
symptoms bear no effect on the treatment a patient would receive following the diagnosis 
of MTBI per se, a diagnosis of PCS could potentially impede a patient’s recovery from 
MTBI. That is, in most medical settings standard treatment protocols are implemented 
soon after a diagnosis of MTBI and are not dependent on a diagnosis of PCS. Standard 
treatment protocols following uncomplicated mild head injury typically involve: 
observation in the emergency room with discharge once the patient is fully oriented; 
education of common complaints associated with mild head injury (i.e., PCS-like 
symptom complaints); education regarding the typical time course for symptom 
resolution; reassurance about a good outcome; suggested coping strategies; and 
encouragement to become active as soon as possible after the injury (Borg et al., 2004; 
Ponsford et al., 2002). “Educational” intervention received by MTBI patients typically 
refers to a brief conveyance of the abovementioned information by medical personnel 
soon after injury. According to the WHO’s recent literature review, the evidence does not 
support routine administration of more intensive assessment or intervention to minimize 
persisting complaints and that early, limited, educational-focused intervention is
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correlated with a reduction in long-term symptom complaints in most individuals post- 
MTBI (Borg et al., 2004).
Taking into consideration current post-MTBI treatment regimens, the diagnosis of 
PCS soon after injury subsequent to receiving information indicating the likelihood of 
good recovery following MTBI, could serve to hinder a patient’s recovery by implying 
that recovery is not following the typical and expected pattern and course. For example, 
the development of negative expectations regarding symptom control, avoidance of 
positive coping strategies, inactivity, and delayed return to work that have been 
evidenced in some patients post-MTBI (e.g., Frank et al., 1990; Jacobsen, 1995; Paniak et 
al., 2002) could conceivably result from or be reinforced by a diagnosis of PCS following 
MTBI, serving to ultimately prolong symptom resolution. In this view, the implications 
of diagnosing PCS soon after injury based on the ICD-10 criteria for PCS are more 
disconcerting given the current finding that overall the MTBI group had improved from 
baseline to 3 months post-injury following a standard education-based treatment 
intervention soon after injury, with resolution in most of the individual symptom 
complaints.
In light of the typical course o f symptom resolution following MTBI, restricting 
the time frame for which a diagnosis of PCS refers may help prevent negative symptom 
expectations following MTBI and aid in identifying individuals who are at risk for 
developing persisting symptoms. That is, there is currently no diagnostic differentiation 
between postconcussive symptoms reported soon after injury versus persistent 
postconcussive symptoms (i.e., symptomatology still present 3 months post-injury). With 
respect to MTBI, it would seem that a diagnosis of PCS should be restricted to either
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individuals reporting the common cluster of postconcussive symptoms soon after injury 
with the expectation that symptom resolution will occur by 3 months post-injury, or to 
those individuals for whom symptom resolution does not occur by 3 months post-injury 
(i.e., persistent PCS). Although the current study did not directly address this issue, the 
relatively low predictive utility of the ICD-10 PCS self-reported symptoms in 
differentiating MTBI patients from healthy controls in the current study suggests the 
ICD-10 criteria would fall short as an adequate diagnostic scheme for persistent PCS. 
Adding to the difficulty of creating a valid set of diagnostic criteria for persistent PCS in 
general is the fact that the cause o f persistent symptomatology following MTBI remains 
unclear. Thus, with respect to restricting a diagnosis of PCS for persistent 
symptomatology, it appears that significant modifications to the current ICD-10 criteria 
for PCS would be required, and only after a better understanding o f the cause(s) o f poor 
outcome following MTBI is established.
Limitations
The foremost limitation with the current study was the lack of a non-MTBI 
patient comparison group (e.g., orthopedic, chronic pain, post-traumatic stress disorder 
patients). Determining the predictive accuracy of the ICD-10 criteria for PCS in 
classifying MTBI and non-head injured patients could provide valuable information 
regarding the sensitivity of the ICD-10 PCS symptoms to brain injury as opposed to other 
injuries or psychological problems. Similarly, inclusion of a non-MTBI clinical sample 
would allow for comparisons of persisting ICD-10 PCS symptoms between groups, thus 
providing information regarding the evolution of MTBI symptom complaints as being 
secondary to brain injury.
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A second limitation with the current study is that MTBI patients received 
treatment within a few weeks of injury. Although the treatment received was comparable 
to standard post-MTBI treatment provided in most medical settings, it presents as a 
limitation insomuch that caution should be taken in comparing the results of the current 
study with those of untreated MTBI patient samples.
Directions for Future Research
Further research utilizing the current MTBI sample should investigate whether the 
same MTBI patients were endorsing symptoms over time in order to better explore the 
nature o f persistent symptomatology post-MTBI. Similarly, the role of non-neurological 
maintaining factors in persisting PCS symptoms should be examined in conjunction with 
a consideration of pre-injury to post-injury symptom changes following MTBI. Given 
that the current study is the first of its kind to investigate the ICD-10 PCS self-reported 
symptoms in individuals following MTBI, replication in another MTBI sample is 
warranted. Finally, the predictive accuracy of the ICD-10 criteria for PCS should be 
investigated in patient groups following moderate and severe traumatic brain injury in 
order to determine its utility in diagnosing PCS after more serious head injury. 
Conclusions
In conclusion, the high base rates of the ICD-10 self-reported PCS symptoms in the 
healthy control group indicate that the nine PCS symptoms of interest are not specific to 
MTBI. Similarly, the low sensitivity and specificity of the ICD-10 symptoms within 1 
month of MTBI and the inability to distinguish between MTBI patients and control 
participants by 3 months of injury indicate that the accuracy o f the ICD-10 criteria as a 
diagnostic scheme decreases as time from injury increases. More importantly, this
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questions the utility of the ICD-10 criteria for PCS diagnosis even soon after injury. 
Taken together, the current results highlight the need for better delineation of post-MTBI 
symptom resolution time frames in the diagnosis of PCS and suggest that a diagnosis of 
PCS be reserved for either those individuals presenting with the common cluster of 
postconcussive symptoms soon after MTBI or for those individuals with persistent 
postconcussive symptomatology.
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Appendix A
Score Description
1 Not attributable to occular swelling.
2 Pain stimulus is applied to chest or limbs.
3 Nonspecific response to speech or shout; does not 
imply patient obeys command to open eyes.
4 Eyes are open, but this does not imply intact 
awareness.
1 Flaccid.
2 Decerebrate posturing: Adduction, internal rotation 
of shoulder, and protonation of forearm.
3 Decorticate posturing: Abnormal flexion, adduction 
of the shoulder.
4 Normal flexor response; withdraws from pain 
stimulus with abduction of the shoulder.
5 Pain stimulus applied to supraocular region or 
fingertip causes limb to remove it.
6 Follows simple commands.
1 No vocalization.
2 Vocalizes, but no recognizable words.
3 Intelligible speech (e.g., shouting or swearing) but 
no sustained or coherent conversation.
4 Responds to questions in a conversational manner, 
but the responses indicate disorientation.
 5___________ Normal orientation to time, person, and place.______
Glasgow Coma Scale = Eye Opening score + Motor Response score + Verbal Response score (range 3 to 15). 
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1. Visual problems; difficulty seeing
2. Hearing difficulties
3. Poor balance
4. Doing things slowly
5. Difficulty pronouncing words clearly (dysarthria)
6. Problems with coordination
7. Fatiguing quickly; getting tired easily
8. Headaches
9. Dizziness/vertigo
10. Sensitivity to noise
11. Sensitivity to light
12. Problems with taste or smell
13. Difficulty remembering the right word (word finding)
14. Expressing self in a wordy, roundabout way
15. Being easily distractible (e.g., in a noisy room)
16. Poor concentration for extended periods of time (e.g., 
reading in a quiet room)
17. Being forgetful; difficulty remembering things
18. Difficulty thinking clearly and efficiently
19. Difficulty planning and organizing things
20. Difficulty setting realistic goals
21. Difficulty following through or finishing things
22. Apathy, lack of interest in things




27. Mood swings, quick emotional shifts
28. Difficulty bringing emotions under control once expressed
29. Getting into arguments with others
30. Being physically violent
31. Getting bored easily
32. Complaining about things





38. Loss of confidence
39. Changes in appetite
40. Sleep disturbance
41. Low sexual drive
42. High sexual drive
43. Changed personality
Adapted from Kay, Cavallo, Ezrachi, & Vavagiakis (1995).
Items in bold refer to the nine postconcussion symptoms of interest as described in the ICD-10 diagnostic criteria.
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